Recent rate measurements of B 0 s mesons and Λ 0 b baryons produced in √ s = 1.96 TeV proton-antiproton and Υ(5S) electron-positron collisions are reviewed, including the first observations of six new decay modes: 
Introduction
Heavier b-flavoured hadrons represent a fecund source of particle physics. While the rich interplay between electroweak and non-perturbative strong effects typically poses formidable experimental and theoretical challenges, decays of hadrons with masses at the frontiers of Standard Model spectroscopy constitute an exciting proving ground for effective theories, QCD factorization and lattice methods, as well as potential models. Moreover, such heavy hadronic states present opportunities to uncover real or constrain hypothetical new physics lying beyond the Standard Model.
The measurement of observables from b baryons and strange or charmed B mesons is complementary to the wealth of physics that the BaBar, Belle, and CLEO collaborations have harvested from e + e − colliders operating at the Υ(4S) open-beauty threshold. Comparisons of heavy b-hadron decays to the analogous nonstrange B u,d (B +,0 ) decays can yield advantages that include cancellations of hadronic uncertainties, tests of SU (3) flavour symmetry, decay-amplitude disentanglement, and improved access to fundamental electroweak parameters of Nature. This paper reviews recent rate measurements of B 
As is also evident from Fig. 1 , the relative weak phase between the two final charge states is the angle γ (φ 3 ) of the CKM unitarity triangle, meaning that a flavour-tagged timedependent analysis of
The possibility of an untagged approach relying on a significant lifetime difference between the B s CP eigenstates has also been posited [2] . [3] involved no explicit particle identification requirements such that tracks were taken to be either kaons or pions to match the reconstruction hypothesis.
The principal challenge in this analysis was the disentanglement, using a multivariate maximumlikelihood fit, of the numerous components entering the D 
such that it is normally distributed. Mass templates were created from sizeable Monte Carlo samples to be used as probability density functions (PDFs) in the fit. Combinatorial background due to real D mesons was estimated using wrong-sign data, and the dE/dx Z-variable templates were derived largely from inclusive D * data. The fit, for which care was taken to treat the D π radiative tail as a free parameter and correlations amongst the fit parameters were taken into account, identified 109 ± 19 D s K signal candidates with a statistical significance of 7.9 standard deviations. Invariant mass and Z projections from the likelihood fit are indicated in Figs. 2 and 3 , respectively.
The resulting ratio of branching fractions was measured to be 
Recent
B 0 s → D ( * ) s D ( * ) s
Decay Results
The suite of B [6] . To a good approximation, the mass eigenstates are expected to be eigenstates of CP such that their rate difference is equivalent to ∆Γ rates are expected to be large, studies of these modes are experimentally challenging due to the small fully hadronic charm-meson branching fractions. Two recent studies at the Tevatron are reviewed here, followed by a brief summary of the worldwide status of B 1.96 TeV [8] . No distinction was made between the orbitally excited and ground-state D ( * ) s mesons; the analysis therefore sought to identify correlations between final-state particles in a pair of candidate D ( * ) s decays, the first involving a φ 1 π final state and the second involving a φ 2 µ ν final state, where φ 1 and φ 2 denote two mutually exclusive φ → K + K − candidate reconstructions in the same event. The majority of candidate events was collected using single-muon triggers by selecting a common sample [8] 
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The first observation of the exclusive decay B 
, both of which contribute prominently to the total systematic uncertainty of the measurement. [9] . The red curves describe the total fit result whereas the grey shaded regions represent the principal background component in each case. s ) = 0.042 ± 0.015(stat.) ± 0.017(syst.), which confirms and is significantly more precise than the PDG-updated [10] measurement of the first observation by ALEPH [11] , 0.12 ± 0.05(stat.) +0.10 −0.04 (syst.). The 7.5 standard deviation CDF measurement [9] described in Sect. [13] . Based on a sizeable sample of 87 506 ± 496(stat.) D * meson candidates in an inclusive muon dataset, candidate D * K S invariant mass combinations were constructed as illustrated in Fig. 9 . The indicated fit determined a D s1 (2536) yield of 45.9 ± 9.1(stat.) candidates with a statistical significance of 6.1 standard deviations, and a mass of the D s1 (2536) candidate of 2535.7 ± 0.6(stat.) ± 0.5(syst.) MeV/c 2 , which was consistent with the PDG world-average value [10] . Assuming that D * KS candidates with an associated muon candidate [13] . The result of the fit to the signal and background is shown by the curves.
Absolute B
Recent B 0 s Radiative Decay Results
One-loop effective flavour-changing neutral-current radiative penguin decays are well known as possible venues for new physics beyond the Standard Model. Hitherto unobserved particles can first reveal their existence in the virtual loop propagator by modifying the Standard Model couplings, and hence decay rates, in measurable ways. In the following, studies of two radiative penguin B 0 s decay modes conducted by the Belle collaboration using 23.6 fb −1 of asymmetric e + e − Υ(5S) collision data [14] are reviewed.
First
The decay B 0 s → φ γ is described by the Standard Model using a one-loop radiative penguin diagram, as indicated in Fig. 10 . The mode may be considered to be the strange analogue of the B → K * (892) γ decays, which provided the first explicit observation of penguin processes [15] . The subsequent observed agreement between numerous experimental results for b → s γ rates and Standard Model expectations provides a strong theoretical constraint also for the analogous B 0 s → φ γ decay discussed here. The Belle analysis [14] made use of a threedimensional unbinned maximum likelihood fit involving observables of beam-energy-constrained mass M bc , energy difference ∆E, and the cosine of the helicity angle cos θ hel , where θ hel was the angle between the B 0 s and K + mesons in the φ meson rest frame. Projections on to these three observables and the fit results are illustrated in Figs. 11, 12 , and 13. [14] . The points represent data, the thick (black) solid curve is the fit function, the thin (blue) curve is the signal function, and the dashed (red) curve represents the continuum contribution.
The fit resulted in 18 The cos θ hel projection and fit results [14] . The curves and markers are as described in Fig. 11 .
flavour-changing neutral currents [17] , a fourth-quark generation [18] , and supersymmetry with broken Rparity [19] . The Belle B 0 s → γ γ analysis consisted of a twodimensional unbinned maximum likelihood fit involving the M bc and ∆E observables previously defined in Sect. 5.1. Figs. 15 and 16 depict the projections on to the two observables as well as the fit results.
There being no significant B 0 s → γ γ signal observed, the Belle collaboration set a 90% confidence level branching-fraction limit of B(B 0 s → γ γ) < [14] . The points represent data, the thick (black) solid curve is the fit function, the thin (blue) curve is the signal function, and the dashed (red) curve represents the continuum contribution.
× 10
−6 , which, though six times more restrictive than the previous limit [12] , still stands at least an order of magnitude higher than the Standard Model and new physics predictions. The energy difference ∆E projection and fit results [14] . The curves and markers are as described in Fig. 15 .
Charmless Two-Body B
and the use of a dedicated trigger on impact parameters of charged-particle tracks, discussed in Sect. 2. The degree of penguin-tree interference at play in these decay modes depends on the CKM angle γ (φ 3 ), hadronic amplitudes and phases, and possibly the presence of new physics. Strategies for understanding this fertile system of processes involve the study of several modes related by isospin and SU (3) flavour and the combination of multiple observables such as branching fractions and CP asymmetries.
The CDF collaboration recently updated its suite of B Table I and compared with a set of theoretical predictions [22] , which shows good agreement. Another more recent set of predictions due to Chiang and Zhou [23] also shows reasonable agreement. More theoretical calculations are cited in Ref. [24] .
For meaningful comparisons of experiment and theory, however, it is important that the scope be widened to include also the B + and B 0 branching fractions, as well as the CP asymmetries. Inconsistencies between the current landscape of experimental results and theoretical predictions suggest that there may be more SU (3) breaking than expected in the strong phases or that there has been a breakdown of QCD factorization [25] . 
= 0.347 ± 0.020 ± 0.021 25.8 ± 1.5 ± 3.9 28 → 36
= 0.071 ± 0.010 ± 0.007 5.27 ± 0.74 ± 0.90 6.8 → 10.4
No CP -violating decay-rate asymmetries have previously been measured in baryon decays. Two-body charmless decays of Λ 0 b baryons with a final-state proton and a charged pion or kaon are self tagging and therefore promising vehicles for the study of CPviolating asymmetries [26] . CDF is currently the only experiment able to collect and reconstruct such twobody b-baryon decay candidates [27] .
Branching fractions of Λ
decays have also been shown to have possible sensitivity to new physics. Mohanta has provided a prediction suggesting that Minimal Supersymmetric Extensions of the Standard Model in which R-parity is violated could enhance these branching fractions by a factor of O(100) [28] . The analysis approach employs the same trigger and fit machinery as that used to obtain the results reported in Sect. 6 above, but has been optimized specifically for dedicated measurements of Λ 0 b → p π − and Λ 0 b → p K − branching fractions (and CP asymmetries, though these lie beyond the scope of this review). Details of the candidate selection criteria are provided in Ref. [27] . A fit is performed in terms of a particle-identification observable and three kinematic variables: an invariant mass calculated with a pion hypothesis assigned to both charged tracks; a signed momentum imbalance α ≡ (1 − p 1 /p 2 )q 1 , where p 1 (p 2 ) is the lower (higher) of the particle momenta and q 1 is the sign of the charge of the track with momentum p 1 ; and the scalar sum of the two track momenta. A projection of the dipion invariant mass observable and the fit results is illustrated in Fig. 17 .
The signal yields were corrected for efficiencies and related to the abundant B 0 → K + π − mode, whose branching fraction is known with B-factory precision [10] . The preliminary observed branchingfraction ratios, measured in a product with the ratios of production cross sections and fragmentation fractions, were [27] 
Conclusions
Recent studies of pp and e + e − collisions by the Belle, CDF, and DZero collaborations have yielded a plethora of new decay observations and branchingfraction measurements for B Given the recent results, further study with additional data is strongly warranted to hunt for signs of new physics lying beyond the Standard Model, to seek answers to theoretical questions about StandardModel manifestations of electroweak and QCD phenomenology, to employ flavour-tagging techniques, and to continue exploration of this rich and exciting sector of flavour particle physics. Further to the results presented in this review, an additional 2−3× factor of time-integrated luminosity is expected to be analyzed from the Fermilab Tevatron, the LHCb experiment is expected to begin datataking soon at CERN, and a high-intensity Super-B facility is envisaged in the coming years.
